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Dissolved trace elements, including iron and manganese, are often an
important factor in use of ground water for drinking water supplies in the
glacial aquifer system of the northern United States.

Concentrations of dissolved minor and trace elements can vary over several

orders of magnitude across local well networks as well as across regions of the
US.

Characterization of this variability is a step in determining the regional
probability of these trace elements exceeding drinking-water or other human
health standards.



All NAWQA wells sa
Aquifer

25 Oct. 2007

Page 2.

From 1991 through 2003
Trace element concentrations in 847 wells.

Dissolved iron and manganese concentrations were analyzed in those wells and
in an additional 743 wells.

The sampled wells are from both land-use monitor well (LUS) networks and
water-supply well (MAS née SUS) networks.

Antimony (Sb), barium (Ba), beryllium (Be), cadmium (Cd), chromium (Cr),
cobalt (Co), copper (Cu), iron (Fe), lead (Pb), manganese (Mn), molybdenum
(Mo), nickel (Ni), selenium (Se), strontium (Sr), thallium (T1), uranium (U),
vanadium (V), and zinc (Zn).
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Glacial Framework areas were developed by Warner and Arnold (2005) to
organize the data-collection and interpretation of results for the Glacial
principal aquifer.

The map also shows the distribution of wells sampled for iron, manganese, and
selected trace elements, NAWQA program.
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Zero (Ba and Sr) to 99 (Ag) percent of analytical results reported as below
detection. Those elements with more than 79% data below detection—Sb, Be,
Cd, Ag, and TI—were not examined further except with respect to MCLs.

Regression on Order Statistics (ROS) was used to model probability
distributions and estimate medians and other quantiles of the trace element
concentrations. Many box plots shown here are based on ROS estimated
quantiles.

Kruskal-Wallis for non-censored factors.

For multiply-censored data: Survival statistics...modified for left-censored data

Peto and Peto tests for significant differences between empirical cumulative
distribution functions estimated by Kaplan-Meier method.

A few censored regressions using maximum likelihood technique.

Kendall monotonic correlations between continuous variables singly or doubly
censored.
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After basic geographic distribution on a series of maps (not shown in this
presentation) we looked at the relationships of the elements to a series of
environmental factors.

Well depth, salinity (residue on evaporation at 180° C), pH, DO, and
temperature are continuous and used Kendall regression.

Categorical factors, water use, network type/land use, and redox used Peto
and Peto test, described later.
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Briefly touch on the significance of Glacial framework areas developed by
Warner and Arnold (2005)--surprisingly robust differences among areas with
respect to elements.

Short discussion of the relationships among elements and Hydrochemical
regions.
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Well depth versus element concentrations:

For Kendall’s tau, I've highlighted the correlation coefficients whose absolute
value 1s 0.1 or greater and p-value is less than 0.05 (95% confidence). Tau
coeflicient ranges from -1 (perfect inverse) to +1 (perfect direct) correlation and
is often about 0.2-0.3 lower than a comparable Pearson’s R. In yellow cells p >
alpha, or the two variables are more or less independent.

As, Li, and Zn are positively (pale green cells) correlated to well
depth—concentrations increase as well depth increases. Lithium and zinc are
shown in the graphs. Co, Mn, and Ni are inversely correlated (little gray cells).
Concentrations are in micrograms per liter.

The procedure “cenxyplot,” in “R,” plots real data and censored data. The
censored values are indicated by dashed lines from the X-axis up to the
reporting level for that specific lab result. For Ni there are lot of data values
shown below the early 1 pg/L reporting level.



EXPLANATION
609 Number of samples
(139) Number below detection
T Data maximum

Percentile
Percentile
Percentile

= Paired water uses
Private-Monitor Private-Public Monitor-Public Drinking-Monitor
0.0548 0.1590 0.5550 0.1590

8 0.3540 0.0818 0.0111 0.0718
0.0000 0.0012 0.0000 0.0000
0.0000 0.7890 0.0000 0.0000
0.0025 0.4600 0.0014 0.0002

0.0000 0.0002 0.7890 0.0000
0.0000 0.0010 0.0000 0.0000
0 0.4340 0.4240 0.6790
0.0000
0.0180 0.0001 0.0002
0.0007 0.0000
0.0000 0.0000
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Water use: private-supply, public-supply, drinking-water use (combined public-
and private-supply wells) and monitor (unused) wells.

Peto and Peto is modification of G-rho Wilicoxon test. It tests for significant
difference between empirical cumulative distribution functions of censored
data estimated by Kaplan-Meier method.

Procedure “cendiff” in “R”.

Cr, Pb (shown in box plots), Mo, V, and Zn are significantly different in all
comparisons with respect to water use. Lithium and strontium concentration
distributions are similar among all water uses.

Box plots (slightly different from “standard”) generally show the range of data
to the top and the range of ROS modeled values to the bottom (less than
reporting levels) along with IQR and median.

Drinking versus monitor wells show the most differences (right most column).



Paired network types or land uses.

Element ag urb ag sus urb sus lus sus
Arsenic 0.0000 0.1150 0.0000 0.0309
ium 0.0975 0.1640 0.0095 0.0192
0.5220 0.0000 0.0000 0.0000

0.7950 0.0000 0.0000 0.0000

0.0019 0.0434 0.0000 0.0002

0.2130 0.0000 0.0000 0.0000

0.3610 0.0000 0.0000 0.0000
0.0007 0.0175 - 0.4190
0.0115 0.2630

0.0000 0.0180 0.0011
0.0000 0.0000 0.0000
0.0000 20

0.0000 0.0000 0.0760
0.0000 04660

0.0000 0.0003
0.0000 0.0000
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Network type—Major aquifer survey wells versus land-use wells

MAS (SUS) wells generally deeper and mostly private- and public-supply wells
LUS wells shallow—29.6 feet monitoring well depth mean

LUS wells are split into agricultural and urban land use.

Cu, Mo, and V are significantly different in all comparisons. Mo on this page
and Cu and V on the following page.

Fewer than half of the elements show no significant difference between
agricultural and urban wells 7 of 16 (Ieftmost column).

LUS wells, as a group, are significantly different from MAS wells for all
elements except Li and Mn (rightmost column).
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Box plots of lithium and vanadium by land use/network type categories.
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Relationships to salinity (residue on evaporation at 180° C)

All elements except Cu, Fe, Pb, and Zn are significantly correlated to salinity.
Sr and Li have the largest correlations coeflicients and are plotted. Sr has only

one censored value and lithium has a substantial number as indicated by the
dashed lines from the X-axis to the RL.
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Effects of pH on solubility.

Generally, based strictly on mineral solubility, most of these elements should be
more soluble at low pH. The lack of inverse correlations indicates that pH is
not an important factor for the Solubilization of these elements.

In fact, As, L1, Mo, Sr, U, and V have direct correlations—as pH increases,
these concentrations increase. For some of these, that may indicate a sorption
process—some elements more readily desorb from solid phases in the soil or
aquifer matrix. That may be the case for As, and Mo.

12
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Dissolved oxygen concentration.

As, Ba, Fe, L1, Mn, Mo, Sr, and Zn are inversely correlated with dissolved
oxygen. This is expected for As, Fe, and Mn that are “redox-sensitive” and
should be less soluble under oxic conditions.

Co and Cr are also “redox-sensitive” but show no correlation.

Cu 1s redox sensitive, however, it shows a direct correlation with DO indicating
that the oxidized species (II) may be more soluble than the reduced (I).

Ba, Li, and Sr are not “redox sensitive” and should show no correlation,
inverse or direct, to dissolved oxygen. Some other process may control these
that IS redox sensitive, such as sulfate for Ba.

13



Environmental factors
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Order of the significance of the redox categories based on significance of
binary comparisons (Peto and Peto). The number of blue-shaded cells where p
< 0.05.

As indicated on the previous page, copper shows increases (box plot) in
concentration as the redox category becomes more oxic (from left to right:
methanic to oxic).

There is substantial DO in 80% of the “mix” samples (rightmost box). The
Mn, NO3, and Mix categories are roughly similar with respect to Cu.
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Environmental factor

Peto and Peto test p

al Framework areas
Element st _entra-West Cel Central-West West Cen-West
Arsenic 0.0000 0.0000 0.2170
Barium 0.0001 0.0000 0.0000
Chromium 0.0000 0.0494 0.0000 0.0218 0.0000
Cobalt 0.0000 0.0044 0.0229 0.0197 0.0001
Copper 00107 [1110.2920 0.0000 0.0031 0.2650
Iron 0.0001 0.0000 0.3320 0.0000 0.0000
Lead 0.0000 0.0005 0.0180 0.0003 0.0000 0.1680
Lithium 0.0000 0.0000 0.0000 0.0000 0.0000
Manganese 0.0009 0.0000 0.0000 0.0000 0.0000
Molybdenum 0.0000 0.0000 0.0465 0.0619 0.0020
Nickel 0.0003 0.0000 0.0154 0.0000 0.0000 0.0000
Selenium 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Strontium 0.0000 0.0000 0.0000 0.0000 0.0000 0.9360
Uranium 0.0000 0.0000 0.1350
Vanadium 0.0000 0.0000 0.0000
Zinc 0.0000 0 0.0000
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Relation to Glacial Framework areas.

Except for Zn, all elements are significantly different from area to area with a
few exceptions. It is surprising that there are so many significant differences
because the areas are based on a primarily empirical stratification scheme.

15
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A map of the hydrochemical regions developed by Arnold and others (in

review).
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Hydrochemical Regions

P-values Peto and Peto test 3
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Selected test results for hydrochemical regions.

Left side are those with the largest number of significant differences in binary
comparisons.

Right side, fewest.
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Three general steps were followed for evaluating ground-water-quality data in
a human-health context.

Concentrations were compared with USEPA assigned MCL or AL or a
Health-based screening level (HBSL) developed by Toccalino and Norman,
2006).

Human health concern was identified by calculating Benchmark Quotients
(BQs) for individual elements.

BQs are ratios of the sample concentration to their respective MCL, AL, or
HBSL.

A quotient near 1 indicates that the concentration in the sample is close to the
the MCL, AL, or HBSL. A quotient greater than one indicates the sample
concentration is greater than the associated MCL, AL, or HBSL.

Level of concern is when BQ) = 0.1.

Toccalino, P.L., and Norman, J.E., 2006, Health-Based Screening Levels to Evaluate U.S.

Geological Survey Ground water Quality Data: Risk Analysis, Vol. 26, No. 5, pp. 1339-1348.

18



Red River

0 200 MILES

200 KILOMETERs | N

&o aa“:.: Westem New England
¥ 0 ot tage Michgan CoastlBasns
. ME
- R \ c Connecticut, Housatonic,
Puge M > 1 NI - > Lake Supey,, and Thames River Basins
uget 0 o .
Sund  Central Columbia n BQ, = Y. AR . o~
; Hudson s
Basin Platea and LAR. AV River .
Yakima River Basin & Ly Basin LA
OR § @ W1 Huron SikE
Ir Upper ~—— (] ~ /- Lake Erie- ontar® bl
: SD Mississippi g~ s/ M laie St Clair /8¢9y o0 8 &h -
River Basin | % o S « Drainage
. ~ ) 5 Upper o Delaware, %o
oy %, 3= ligs o River— < ;‘- X
: m oo s (%) Az Rver 0 08T T0 Basin 22X N\
7 Cooklnlet s ‘ Ay A g 2 Basin 3" / v >~ i~ cr ©
Basin DAL il e Basten % S @, e 1 ® . g T~
: Nebrasks% ;' “lowa T 3 ) |U’Qg \s\jmm
KLt Basin 7 Basins e s o8N L A N Sy aw Jersey
Figh Plains b Ty OH D7 W\ coasial Drinages
egiona L o XN
N Gmugnd Waer, £ w1 s .
5 € Study/” o ower. o
Pacific Ocean o ¢ Y& llinois o WV Adantic
N B Nt Allegheny and Ocean
S o te River Basin Monongahela
0 100MIES i A« xy andGreatand Litle River Basin
3 0 200 MILES
; ) Red River . — {,k
of the 0 200 KILOMETERS
14 North
Basin y kwﬁ/?(ey:" New England
4 ake Michigan :
{ Mn BQ Z 1 S Drainages CoastalBasis |
Y B Connecticut, Housatofic, \
o . Lake Super, and Thames River Basins ¢
t o e
Sound  Cential Columbia M ' N
Hudson VTis
Basin Platea and LAE A . River AW
Yakima River Basin e Basin e /
N 1 Huron
D Upper A 4 Lake Erig- )
sD Mississippi 2 s, M Lake St. Clair, /198 0"y g0 %
Averasn (v T £ Uper [Dyainape Delaviare
e o, < - lllinois P River
% g Rver % 08 Basin_ |
Cook Inlet AT > % @ = Basin o v >
Basin g Central Easter’ % ® «® s 1 & by
Nebrasks /%43, “lowa oL .. ] Lorg sland and
CRLH asin Basins v . y jew Jersey.
High' Plains ! o H MD, \ Coastal Drainages
egional “ .
Ground Water, | R . DI
&F &/ sty A ower. VA
Pacific Occan C S I llinois WV Atantic
£ S ey ;J:ﬁ: B fvhie Fiver B /\\Ieghenym‘w Ocsan
MO te River Basin Monongahela
0 _woms g ( v and Great and Ll oot Basins
0 10KLOMETERS A7 Miami River Basins

Page 19.

Maps of Manganese benchmark quotients in the glacial aquifer system.

827 samples (52 percent) had a BQ > 0.1 (top map)
305 samples (19 percent) had BQ = 1 (bottom map).

By glacial framework area, the 304 wells that had a manganese BQ greater

than or equal to 1 were distributed as follows:

58 of 329 (18 percent) were East area wells;
83 of 651 (13 percent) were Central wells;

158 of 443 (36 percent) were West-central wells; and

5 of 167 (3 percent) were West wells.
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Manganese most often exceeded its benchmark (LHA) in the glacial aquifer
system wells. Of the 1,590 wells sampled for manganese, only 556 are private
or public drinking-water supplies and of those, 9.9 percent (55) exceeded the
manganese LHA.

Fewer wells had concentrations of arsenic, selenium, or uranium that exceeded
relevant health-based benchmarks in part because only about 847 samples
were analyzed for most trace elements.

Most concentrations that exceeded a relevant health-based benchmark were
from West-central area (Iowa, Minnesota, North and South Dakota, Nebraska,
and Kansas) wells, however, there is little geographical pattern to the wells with
concentrations of concern.

The full implications to human health can not be assessed without information
on the population served by the wells that had concentrations of concern.

20
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STUDY-UNIT BOUNDARY
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One element
Two elements

BENCHMARK QUOTIENTS GREATER THAN 1.0 FOR ALL OTHER TYPES OF WELLS
One element
Two elements
Three elements

Split the map into east and west (West above) to better examine the location of
wells with multiple elements with BQ = 1.0.

for drinking-water wells (private- or public-supply) with a single
element and purple for two elements.

Non-drinking wells (mostly monitor wells) Black-one, orange-two, and red-
three. Only one well (ag-land use, monitor) had 3 BQs = 1. It is in Washington

(CCYK).
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Split map into east and west (East above) to better see the location of wells with

multiple elements with B

Mucus green for drinking-water wells (private- or public-supply) with a single

Q= 1.0.

element and purple for two elements.

Non-drinking wells (mostly monitor wells) Black- one, orange-two and red-
three. No wells in the eastern half had 3 BQs = 1. However,
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Concluding remarks

Looked at the relationships among environmental variables and element
concentration distributions in the Glacial aquifer system.

For the elements that were above benchmarks or at a level of
concern (1/10 of a benchmark):

Well depth was important for As, Mn, N1, and Zn
Water use was important for Mo, U, Se, Ni, Pb, and Zn

Network-type/land use was important for As, Mo, U, Sr, Se, N1, Pb, and Zn.

pH was generally unimportant except for As, Mo, U, and Sr
Salinity was important for all but Pb and Zn.

Redox was important for As and Se.

Glacial Framework areas are useful for all these elements

Hydrochemical regions are useful for all except Mn.
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Elements with BQs = 0.1
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Does anybody really know what time it is?
Does anybody really care?
About time.
If so I can’t imagine why...oh no.
We’ve all got time enough to cry.
Chicago Transit Authority

24
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This is the end.

25 Oct. 2007
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A large example of a censored X-Y plot if a relevant question is asked
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